Study design: Individuals who are treated with intrathecal Baclofen (ITB) pump delivery system for intractable spasticity can suffer from severe morbidity as a result of acute overdose or withdrawal of ITB, which can also be life threatening. Current literature has a number of single case studies with different approaches to the management in such states. Objectives: The aim of this article is to consolidate available evidence and develop treatment pathways for acute ITB overdose and withdrawal states. Methods: We searched MEDLINE, EMBASE, CINAHL and the Cochrane Library databases using the keywords 'intrathecal', 'baclofen', 'withdrawal', 'overdose' to identify studies (published up to December 2010) that focused on presentation or treatment of acute overdose and withdrawal state in ITB therapy. Only original articles in English involving adult population were included. Results: Initial search revealed 130 articles. After reading the abstract, 13 studies on ITB overdose and 23 studies on ITB withdrawal were deemed suitable for inclusion. All studies were either single-case studies or case series. Conclusion: Acute ITB overdose is managed with immediate cessation of baclofen delivery through the system, reducing the baclofen load by cerebrospinal fluid aspiration and by providing supportive treatment in an intensive care setting. There is no specific antidote for reversing overdose symptoms. Acute ITB withdrawal is managed by restoring the delivery of ITB, providing supportive care in an intensive care setting and using drugs like low dose propofol or benzodiazepines in selected cases. Early involvement of ITB physicians is strongly recommended.
INTRODUCTION
Baclofen is considered to be the drug of choice for treating spasticity of spinal and cerebral origin. 1 Baclofen is a synthetic derivative of the naturally occurring inhibitory neurotransmitter GABA (g-aminobutyric acid). At therapeutic doses, it acts principally on the GABA B receptors at the spinal/thalamic level, reducing the postsynaptic potentials along a motor neurons and thus relaxing the muscles. 2 Oral baclofen does not effectively cross blood-brain barrier (being lipophobic) and hence some patients might need higher oral therapeutic doses to relieve spasticity. This unfortunately has serious systemic side effects. Patients who fail to respond to oral baclofen or who have significant side effects with it can benefit from Intrathecal Baclofen (ITB) delivered by a programmable implanted drug infusion system. 3 This has the advantages of avoiding the systemic side effects and allowing a controlled delivery of baclofen. The precise delivery of ITB yields better spasticity control at 100 times lower dose than the oral dose of baclofen. 4 The pump is implanted in the lower abdomen and dispenses medication from its reservoir through a silicon catheter into the thoraco-lumbar region intrathecally (Figure 1 ). Current available pumps are equipped with a catheter access port that bypasses the pump reservoir, permitting direct access to the intrathecal space via the catheter. The system is equipped with an alarm that signals low reservoir volume and low battery.
The above description of the ITB system is with reference to the system marketed by Medtronic Corporation. The readers should be aware that in the very near future there will be a number of other manufacturers of similar devices.
ITB is administered either in regular boluses and/or by continuous infusion. The daily dose needs adjustment with a programmer according to clinical effect and normally ranges from 50 to 1000 mg. As the drug is delivered into the cerebrospinal fluid (CSF) directly in the vicinity of GABA B receptors, patients are very sensitive to any change in the rate of drug delivery. This makes them susceptible to overdose and withdrawal states that can be life threatening. There have been numerous case series and single-case reports in literature on acute toxicity/withdrawal syndromes with use of various treatment methods. There is a need for a standardised protocol that can be used in emergency department, spinal injury and non-spinal injury units as a guide to manage these cases. In this article, we review all the available literature and recommend treatment pathways for both acute overdose/withdrawal syndromes.
METHODS
The authors SVW and MS conducted unrestricted searches in MEDLINE, EMBASE, PUBMED and COCHRANE databases through National library of health using the terms baclofen, intrathecal, acute, overdose and withdrawal, implant failure, catheter, and battery. From these searches, articles were selected for this review based on the following inclusion criteria:
1. Article reporting on either acute overdose or withdrawal from ITB therapy 2. Article involving adult population (418 years of age) 3. Article in English
RESULTS
From the initial searches of databases, 130 articles were identified. After reading the abstracts and applying the inclusion criteria, 13 articles on ITB overdose (29 patients) and 23 articles on ITB withdrawal (40 patients) were included. The methodology and results of the articles are summarised in Tables 1 and 2 .
DISCUSSION

Acute overdose
The reviewed studies suggest that the overdose was closely associated with filling procedure/iatrogenic in 26 out of 29 patients. Among these 26 patients, in 14 the overdose occurred following refilling of the pump, in 6 following intrathecal bolus, in 2 during dose titration and in 4 other miscellaneous causes were noted. Pump malfunction was a possible cause in only 3 patients.
The symptoms manifest depending on the dose of baclofen being delivered. This includes hypotension, bradycardia/tachycardia, hypotonia, flaccid paralysis, somnolence, delirium, respiratory depression, seizures or cardiac abnormalities. 5 Patients can deteriorate rapidly with the onset of profound respiratory depression/coma following overdose, needing emergency resuscitation. The main differential diagnoses are sepsis, intracranial bleed, hypoglycaemia, Cushing's triad and electrolyte imbalance.
Acute presentation needs emergency airway/breathing/circulatory support. We recommend that an experienced ITB physician is contacted as early as possible who can interrogate the pump and assess the situation. The ITB physician can stop the pump and in life-threatening cases, can drain CSF by lumbar puncture or by the access port of the pump. The treatment should be undertaken in an intensive care setting. Analysis of baclofen concentration in CSF obtained by lumbar puncture can provide valuable information about drug quantity administered specially in cases of inadvertent intrathecal bolus. An ITB physician can stop the pump for a limited period of 48 h only. After that, at least minimal rate should be used to prevent Acute overdose/withdrawal in ITB therapy SV Watve et al damage to the pump. Before restarting the pump, concentration of drug in the tubing and catheter needs to be taken to account to avoid complications of further overdose. There is no specific antidote for ITB overdose. Most patients with overdose recover completely with adequate supportive care (intravenous fluids, ventilation support etc). There have been a few case reports suggesting intravenous Physostigmine for symptomatic relief, but we do not recommend its use as it has significant side effects with doubtful properties as an antidote.
Acute withdrawal
Studies suggest that patients experience withdrawal symptoms close to their scheduled refill dates and 40% are because of catheter-related problems. The following are the other causes; infected pump removal, empty reservoir volume, end of battery life and iatrogenic programming error. In total, seven deaths were noted in all cases reviewed in this article.
Rebound spasticity is the earliest symptom and can be associated with tachycardia, fever leading to hyperthermia, itching or seizures. 37 
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Catheter kink, pump stalling, position dependent catheter narrowing, pump removal for overlying skin infection.
Cyproheptadine may be a useful adjunct to baclofen and benzodiazepines.
Rigoli et al. 38 2 Low residual volume. Pump could be programmed to alarm at 3 ml residual volume.
Duhon et al. Fever itself can produce increased spasticity, whereas in ITB withdrawal primary presentation is increased spasticity, which can be associated with fever. For physicians who are not familiar with this condition, diagnosis may not be suspected and can be easily missed.
Patients can have neuropsychiatric symptoms such as hallucinations, delirium, delusions and paranoia as well. In the most severe cases, malignant hyperthermia, autonomic instability, rhabdomyolysis, diffuse intravascular coagulopathy and multi-organ system failure can occur. Reports in the reviewed literature are mostly about presentation with severe symptoms. Cases with milder symptoms are known to occur in clinical practice, but may be under-reported and data about what percentage of these patients progress to severe symptoms is lacking.
The differential diagnosis of ITB withdrawal includes autonomic dysreflexia (bradycardia with hypertension, lack of rebound spasticity), malignant hyperthermia (after anaesthesia, familial disorder), serotonergic syndrome (selective serotonin reuptake inhibitor (SSRI) overdose, myoclonus, raised liver function tests), neuroleptic malignant syndrome (use of dopamine blocking neuroleptic drugs or abrupt withdrawal dopamine agonist), sepsis and meningitis. 6, 7 We recommend that an experienced ITB physician is contacted as early as possible who can interrogate the pump to provide information about pump function and amount of baclofen in the pump reservoir. If there is reasonable reservoir volume, the catheter continuity needs to be investigated. X abdomen (AP/Lat) can provide information about catheter position. A catheterogram (a dye study of catheter system) can be done to check continuity. Surgical exploration of pump may be needed to restore catheter continuity/replacement of pump as indicated. This depends on the patient's medical condition.
Externalised intrathecal catheter can been used to reinstitute ITB delivery in life-threatening cases. There have been reports of temporary infusion of ITB in three cases in reviewed literature. 8, 9 In these patients, indwelling lumbar intrathecal catheter was placed and infusion of baclofen was setup at pre-withdrawal doses. Baclofen was diluted with preservative-free saline in the infusion. In two cases, standard patient-controlled analgesia pump was used because of its capacity to deliver small volumes.
Oral baclofen as a rescue medication is not effective as it does not achieve high enough CSF levels and hence is not reliable to treat this condition. There have been cases when even 160 mg per day have not been effective. 10 One study showed a 100-fold decrease in CSF concentrations when comparing a 50 mcg ITB bolus and a 30 mg oral baclofen dose. 7 In selected cases where restoration of ITB was not possible, therapy with other drugs that have similar pharmacological properties like propofol and benzodiazepines have been considered for symptomatic relief.
Benzodiazepines act on GABA A and hence their action is not affected by downregulation of GABA B receptors occurring in chronic ITB infusion. They also have advantage of sedative and anti-epileptic action. 6 Propofol is another agent acting on GABA A receptors. Advantages of its use include rapid action, short half-life allowing titratability with symptoms. It also has anti-inflammatory/anti-nociceptive properties. 7, 11 It can only be used in a neurocritical unit. There is lack of sufficient clinical evidence for using dantrolene or cyproheptadine for withdrawal symptoms (also cyproheptadine is not available in all countries).
RECOMMENDATIONS
Recommendations for management of acute overdose are shown in Figure 2 . These patients should be closely monitored for withdrawal symptoms after the pump has been stopped and continuously monitored. Recommendations for management of acute withdrawal are shown in Figure 3 .
General recommendations
1. Patient and carers should be educated about functioning of the pump, recognition of the symptoms of overdose or withdrawal. 2. They should have 24 h access to the ITB physician. 3. The institutional caregivers, paramedical staff and non-ITB physicians should be made aware through education to identify these problems. 4. Patients should ideally have bracelets with drug dose, physician and manufacturer's contact details. 5. Further research is needed to find specific antidote to baclofen. 6. Training of physicians involved in managing these devices needs to be improved through training workshops. Baclofen refill procedures should be done in dedicated clinic.
The studies included in this review were case reports or case series. Our recommendations in this article are based on analysis of these studies and hence lack the highest quality of evidence level. However, it might be extremely difficult to conduct a randomised Acute overdose/withdrawal in ITB therapy SV Watve et al controlled trial because of the low incidence of these acute states encountered in ITB practice.
CONCLUSION
Patients with ITB pump are always at risk of serious events like acute ITB overdose/withdrawal. Majority (90%) of overdose states are directly related to refill procedures and can be easily avoided. Most (40%) of withdrawal states are due to catheter problems and need investigation of catheter continuity. Both overdose and withdrawal can be successfully treated if recognised early and treated appropriately.
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